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1. Current Task

The fifth session of the Intergovernmental Panel on
Climate Change (IPCC) (Geneva, March 1991) adopted
six tasks for the ongoing work of its three working groups.
While successful completion of these tasks required
cooperation between all three groups. particular
responsibility fell to the Scientific Assessment working
group (WGI) for Tasks 1, 2 and 6:

Task t: Assessment of net greenhouse gas emissions.
Sub-section l: Sources and sinks of greenhouse
gases.

Sub-section 2: Global Warming Potentials.

Task 2: Predictions of the regional distributions of
climate change and associaled impact studies;
including model validation studics.

Task 6: Emissions scenarios.

The tasks were divided into long- and short-term
components. The purpose of the short-term workplan,
whose results are reported in the present document, was Lo
provide an update to the 1990 IPCC Scientific Assessment,
addressing some of the key issues of that report. This
update is by definition less comprehensive than the 1990
report - for example sea level rise apart from the effect of
thermal expansion is not included. It is against the
background of that document that the {indings of this
update should be read.

This assessment, in order to incorporate as much recent
matenal as possible, necessarily includes discussion of
new results which have not yet been through, or are
currently undergoing, the normal process of peer review.
Where such is the case the provisional nature of the results
has been taken into account.

A brief progress report on the preparation of guidelines
for the compilation of national inventories of greenhouse
gas emissions, part of WGI's long-term work under Task
1, appears as an Annex to this Supplement.

2. Our Major Conclusions

Findings of scientific research since 1990 do not affect our
fundamental understanding of the science of the
greenhouse effect and either confirm or do not justify
alteration of the major conclusions of the first IPCC
Scientific Assessment, in particular the following:

+ cmissions resulling from human activities are
substantially increasing the atmospheric concen-
trations of the greenhouse gases: carbon dioxide,
methane, chloroflucrocarbons, and nitrous oxide;

+ the evidence from the modelling studies, from
observations and the sensitivity analyses indicate
that the sensitivity of global mean surface temp-
erature to doubling CO; is unlikely to lie outside the
range 1.5 104.5°C;
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¢ there are many uncertaintics in our predictions
particularly with regard to the timing, magnitude and
regional patterns of climate change;

+  global mean surface air temperature has increased by
(1.3 to 0.6°C over the tast 100 years;

¢ the size of this warming is broadly consistent with
predictions of climate models, but it is also of the
same magnitude as natural climate variability. Thus
the observed increase could be largely due to this
natural variability; alternatively this variability and
other human factors could have offset a still larger
human-induced greenhouse warming;

» the unequivocal detection of the enhanced green-
house effect from observations is not likely for a
decade or more.

There are also a number of significant new findings and
conclusions which we summarize as follows:

Guases and Aerosols

*  Depletion of ozone in the lower stratosphere in the
middle and high latitudes results in a deercase in
radiative forcing which is believed o be comparable
in magnitude to the radiative forcing conltribution of
chlorofluorocarbons (CFCs) (globally-averaged)
over the last decade or so.

» The cooling effect of aerosols ¥/ resulting from
sulphur emissions may have offset a significant part
of the greenhouse warming in the Northern
Hemisphere (NH) during the past several decades.
Although this phenomenon was recognized in the
1990 report, some progress has been made in
guantifying its effect.

+ The Global Warming Potential (GWP) remains a
useful concept but its practical utility for many gascs
depends on adequate quantification of the indirect
effects as well as the direct. We now recognize that
there is increased uncertainty in the calculation of
GWPs, particularly in the indirect components and,
whilst indirect GWPs are likely o be significant for
some gases, the numerical estimates in this
Supplementary Report are limited to direct GWPs.

*  Whilst the rates of increase in the atmospheric
concentrations ol many greenhouse gases have con-
tinued 1o grow or remain steady, those of methane
and some halogen compounds have slowed.

(*) The scientific definition of “acrosol” is an airborne particle or
collection of particles, but the word has become associated,
crroncously, with the propellant used in ‘aerosol sprays”,
Throughout this report the term “aerosol’ means airborne
particle or particles.




+  Some data indicate that global emissions of methane
from rice paddies may amount to less than pre-
viously estimated.

Scenarios

*  Steps have been taken towards a more comprehen-
sive analysis of the dependence of future greenhouse
gas emissions on socio-economic assumptions and
projeciions. A sct of updated scenarios have been
developed for use in modelling studies which
describe a wide range of possible future emissions in
the absence of a coordinated policy response 1o
climatc change.

Modelling

» Climate models have continued to improve in respect
of both their physical realism and their ability to
simulate present climate on large scules, and new
techniques are being developed for the simulation of
regional climate.

* Transient (time-dependent) simulations with coupled
ocean-atmosphere models (CGCMs). in which
neither aerosols nor ozone changes have been
included, suggest a rate of global warming that is
consistent, within the range of uncertainties, with the
0.3°C per decade warming rate quoted by JPCC
(1990) for Scenario A of greenhouse gas emissions.

¢ The large-scale geographical patterns of warming
produced by the transient model runs with CGCMs
are generally similar to the patterns produced by the
earlier cquilibrium models except that the transient
simulations show reduced warming over the northern
North Atlantic and the southern occans near
Antareticy,

*  CGCMs are capable of reproducing some features of
atmospheric variability on intra-decadal time-scales.

»  QOur understanding of some climate feedbacks and
their incorporation in the models has improved. In
particular, there has been some clarification of the
role of upper tropospheric water vapour. The role of
other processes, in particular cloud effects, remains
unresolved.

Climate Observations

+ The anomalously high global mean surface temp-
eratures of the late 1980s have continued into 1990
and 1991 which are the warmest years in the record.

* Average warming over puarts of the Northern
Hemisphere mid-latitude continents has been found
o be largely characierized by increases in minimum
(night-time) rather than maximum (daytime)
temperatures.

* Radiosonde data indicate that the lower troposphere
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has warmed over recent decades. Since meaningful
trends cannot be assessed over periods as short as a
decade, the widely reported disagreements between
decadal wrends of air temperature from satellite and
surface data cannot be confirmed because the trends
are statistically indistinguishable.

« The volcanic eruption of Mount Pinatubo in 1991 is
expected to lead to transitory stratospheric warming.
With less certainty, because of other natural influ-
ences, surface and wropospheric cooling may occur
during the next few years.

* Average warming over the Northern Hemisphere
during the last four decades has not been uniform,
with marked seasonal and geographic variations; this
warming has been especially slow, or absent, over
the extratropical north west Atlantic.

» The consistency hetween ohservations ol global
temperature changes over the past century and model
simulations of the warming due to greenhouse gases
over the same period is improved if allowance is
made for the increasing evidence of a cooling effect
due to sulphate aerosols and stratospheric ozone
deplction.

The above conclusions have implications for future
projections of global warming and somewhat modify the
cstimated rate of warming of 0.3°C per decade for the
greenhouse gas emissions Scenario A of the [PCC 1990
Report. If sulphur emissions continue to increase, this
warming rate is likely o be reduced, significantly in the
Northern Hemisphere, by an amount dependent on the
future magnitude and regional distribution ol the
emissions. Because sulphate aerosols are very shorl-lived
in the atmosphere, their effect on global warming rapidly
adjusts to increases or decreases in emissions. It should
also be noted that while partially offsetting the greenhouse
warming, the sulphur emissions are also responsible for
acid rain and other environmental effects. There is a
further small net reduction likely in the rate of global
warming during the next few decades due to decreases in
stratospheric ozone, partially offset by increases in
tropospheric ozone.

Rescarch carried out since the 1990 IPCC Assessment
has served Lo improve our appreciation of key uncertain-
tics. There ts a continuing need for increased monitoring
and research into climate processes and modelling. This
must involve, in particular, strengthened international
collaboration through the World Climate Research
Programme (WCRP), the International Geosphere
Biosphere Programme (IGBP) and the Global Climate
Observing System (GCOS).
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HOW DOES THE CLIMATE SYSTEM WORK, AND WHAT INFORMATION DO WE NEED TO
ESTIMATE FUTURE CHANGES?

How does the climate system work?

The Earth absorbs radiation from the Sun, mainly at the surface. This energy is then redistributed by the atmosphere and ocean and
re-radiated to space at longer (‘thermal’, “terrestrial” or ‘infrared’) wavelengths. Some of the thermal radiation is absorbed by
radiatively-active {*greenhousc’) gases in the atmosphere, principally water vapour, but also carbon dioxide, methane, the CFCs,
ozone and other greenhouse gases. The absorbed energy is re-radiated in all directions, downwards as well as upwards such that the
radiation that is eventually lost to space is from higher, colder levels in the atmosphere (see diagram below). The result is that the
surface loses less heat (o space than it would do in the absence of the greenhouse gases and consequently stays warmer than it would
otherwisc be. This phenomenon, which acts rather like a *blanket’ around the Larth, is known as the greenhouse effect.

Some solar radiation
is reflected by the earth
and the atmosphere

ome of the infra-red
adiation is absorbed
and re-emitted by the
greenhouse gases.

The ¢ffect of this is to
warm the surface and
he lower atmosphere

EARTH  Infra-red

" Maost solar radiation is
" radiation is absorbed emilted from -
~ by the earlh’s surface and the earth's “
warms il surface

What factors can change climate?
Any factor which alters the radiation received from the Sun or lost to space, or which alters the redistribution of energy within the
atmosphere, and between the atmosphere, land and ocean, will affect climate.

The Sun’s output of cnergy is known to change by small amounts over an |1-year cycle, and variations over longer periods may
occur. On time-scales of tens to thousands of years, slow variations in the Earth's orbit have led to changes in the seasonal and
latitudinal distribution of solar radiation: these changes have played an important part in controlling the variations of past climate.

Increases in the concentration of the greenhouse gases will reduce the efficiency with which the Earth cools to space and will tend
to warm the lower atmosphere and surface. The amount of warming depends on the size of the increase in concentration of cach
greenhouse gas, the radiative properties of the gascs involved, and the concentration of other greenhouse gases already present in the
atmosphere. It also can depend on local effects such as the variation with heighe of the concentration of the greenhouse gas, a
consideration that may be particularty germane to water vapour which is not uniformly mixed throughout the atmosphere. The effect
is not a simple one and the balance which is struck between these factors depends on many aspects of the climate system.

Aerosols (small particles) from volcanoes, emissions of sulphates from. industry and other sources can absorb and reflect radiation.

Moreover, changes in aerosol concentrations can alter cloud reflectivity through their effect on cloud properties. [n most cases
aerosols tend to cool climate. In general, they have a much shorter lifetime than greenhouse gases so their concentrations respond
much more quickly 10 changes in emissions.

Any changes in the radiative balance of the Earth, including those due to an increase in greenhouse gases or in aerosols, will tend
to alter atmospheric and oceanic temperatures and the associated circulation and weather patterns. However, climale varies naturally
on all time-scales due (o both external and internal factors. To distinguish man-made climate variations from those natural changes,
it is nceessary to identify the man-made “signal” against the background “noise’ of natural climate variability.

A necessary starting point for the prediction of changes in climate due to increases in greenhouse gases and acrosols is an estimate
of their future concentrations. This requires a knowledge of both the sirengths of their sources (natural and man-made) and also the
mechanisms of their eventual removal from the atmosphere (their sinks). The projections of future concentrations can then be used

in climate models to estimate the climatic response. We also need to determine whether or not the predicted changes will be
noticeable above the nataral variations in climate. Finally, observations are essential in order to monitor climate, to study climatic
processes and to help in the development and validation of models.




3. How has our Understanding of the Sources and
Sinks of Greenhouse Gases and Aerosols
Changed?
During the last eighteen months there have been a number
of important advances in our understanding of greenhouse
gases and aerosols. These advances include an improved
quantitative understanding of the atmospheric distri-
hutions, trends, sources and sinks of greenhouse gases,
their precursors and aerosols, and an improved wnder-
standing of the processes controlling their global budgets.

Atmospheric Concentrations and Trends of Long-lived
Greenhouse Gases:

The atmospheric concentrations ol the major long-lived
greenhouse gases [carbon dioxide (CO,). methanc (CHy),
nitrous oxide (N>O), chlorofluorocarbons (CFCs), and
carbon tetrachloride (CCl,)] continue to increase because

of human activities, While the growth rates of most ol

these gases have been steady or increasing over the past
decade, that of CH, and some of the halocarbons has been
decreasing. The rate for CH, has declined from about 20
ppbviyr in the late 1970s to possibly as low as 10 ppbv/yr
in 1989. Whilc a number of hypotheses have been
forwarded 1o explain these obscervations, none is
completely satisfactory.

Atmospheric Concentrations and Trends of Other Gases
that Influence the Radiative Budget:

Ozonc (04) is an cffective greenhouse gas both in the
stratosphere and in the troposphere. Significant decrcases
have been observed during the last one 10 two decades in
total column Oy at all latitudes - excepl the tropics - in
spring, summer and winter. The downward trends were
larger during the 1980s than in the 1970s. These decreascs
have occurred predominantly in the lower stratosphere
(below 25km), where the rate of decrease has been up to
10% per decade depending on altitude. In addition, there is
evidence to indicate that O4 levels in the troposphere up to
10km altitude above the tew existing ozonesonde stations
at northern middle latitudes have increased by about 10%
per decade over the past two decades. Also, the abundance
of carbon monoxide (CO) appears to be increasing in the
NH at about 1% per year. However, there is little new
information on the global trends of other tropospheric O
precursors, (non-methanc hydrocarbons (NMHC) and
axides of nitrogen (NO, ).

Sources and Sinks of Carbon Dioxide:
The two primary sources of the observed increase in
atmospheric CO, are combustion of fossil fuels and land-
usc changes; cement production is a further important
source.

The emission of CO, from the combustion of fossil fuels
grew between 1987 and 1989. Preliminary data for 1990
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indicate similar emissions to 1989. The best estimate for
global fossil fuel emissions in 1989 and 1990 is 6.0+0.5
GiC 7, compared to 5.740.5 GtC in 1987 (IPCC, 1990).
The estimated total release of carbon in the form of CO,
from oil well fires in Kuwait during 1991 was 0.065 GtC,
about 1% of total annual anthropogenic emissions.

The direet net flux of CO, from land-use changes
{(primarily deforestation), integrated over time, depends
upon the arca of land deforested, the rate of reforestation
and afforestation, the carbon density of the original and
replacement forests, and the fate of above-ground and soil
carbon. These and other factors are needed to estimate
annual net emissions but significant uncertainties exist in
our quantitative knowledge of them. Since IPCC (1990)
some progress has been made in reducing the uncertainties
associated with the rate of deforestation, at least in Brazil.
A comprehensive. multi-year, high spatial resolution
satellite data set bas been used to estimate that the average
rate of deforestation in the Brazilian Amuzonian forest
between 1978 and 1989 was 2.1 million hectares (Mha)
per year. The rate increased between 1978 and the mid-
1980s, and has decreased to 1.4 Mha/yr in 1990, The Food
and Agriculture Organization (FAQ), using information
supplicd by individual countries, recently estimated that
the rate of global tropical deforestation in closed and open
canopy forests for the period 1981-1990 was about 17
Mha/yr, approximately 50% higher than in the period
1976-198(.

Despite the new information regarding rates of defor-
estation, the uncertainties in estimating CQ, emissions are
so large that there is no strong reason (o revise the [PCC
1990 estimate of annual average net flux Lo the atmosphere
of 1.6+1.0 GtC from land-use change during the decade of
the 1980s.

Since IPCC (1990) particular attention has focussed on
understanding the processes controlling the release and
uptake of CQ, from both the terrestrial biosphere and the
oceans, and on the quantification of the fluxes. Based on
models and the atmospheric distribution of CO,, it appears
that there is a small net addition of carbon to the
atinosphere from the equatorial region, a combination of
oulgassing of CO, from warm tropical waters and a
lerrestrial biospheric component that is the residual
between large sources (including deforestation) and sinks.
There appears to be a strong Northern Hemisphere sink,
containing both oceanic and terrestrial biospheric com-

(") 1 G (gigatonne of carbon) equals one billion (one thousand
million (109)) tonnes of carbon
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penents, and a weak Southern Ilemisphere (SH) sink. The
previous IPCC global estimate for an ocean sink of 2.0(.8
GtC per year is still a reasonable one. The terrestrial
biospheric processes which are suggested as contributing
{o the sinks are sequestration duc to forest regenceration,
and fertilization arising from the effcets of both CO, and
nitrogen (N}, but none of these can be adequately
guantified. This implies that the imbalance {of order 1-2
GtClyr) between sources and sinks, i.e., “the missing
sink™, has not yet been resolved. This fact has significant
consequences lor estimates of future atmospheric
€0, concentrations (see Section 5) and the analysis of
the concept of the Global Warming Potential (see Section
6).

Sources of Methane:

A total (anthropogenic plus natural) annual emission of
CH, of about 500Tg can be deduced from the magnitude
of its sinks combined with its rate of accumulation in the
atmosphere. While the sum of the individual sources is
consistent with a total of 500Tg CHy, there are still many
uncertainties in accurately quantifying the magnitude of
emissions from individual sources. Significant new
information includes a revised rate of removal of CHy by
atmospheric hydroxyl (OH) radicals (because of a lower
ratc constant), a new cvaluation of some of the sources
(c.g., {from rice fields) and the addition of new sources
(c.g., animal and domestic waste). Recent CH, isotopic
studies suggest that approximately 100Tg CII; (20% of the
total CH, source) is of tossil origin, largely from the coal,
oil, and natural gas industries. Recent studies of CH,
emissions from rice agriculture, in particular Japan, India,
Australia, Thailand and China, show thai the emissions
depend on growing conditions, particularly soil
characteristics, and vary significantly. While the overail
unccertainty in the magnitude of global emissions from rice
agriculturc remains large, a detailed analysis now sugpests
significantly lower annual emissions than reported in [PCC
(1990}, The latest estimate of the atmospheric lifetime of
CH, is about 11 years.

Sources of Nitrous Oxide:

Adipic acid (nylon) production, nitric acid production and
automobiles with three-way catalysts have been identified
as possibly significant anthropogenic global sources of
nitrous oxide. However, the sum ol all known anthro-
pogenic and natural sources is still barely sufficient to
balance the calculated atmospheric sink or to explain the
ohserved inerease in the stmospheric abundance of N,O.,

Sources of Halogenated Species:

The worldwide consumption of CFCs 11, 12, and 113 is
now 40% below 1986 levels, substantially below the
amounts permitted under the Montreal Protocol. Further
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reductions are mandated by the 1990 London Amendments
10 the Montreal Protocal. As CFCs are phased out, HCFCs
and HFCs will substitute, but at lower emission rates.

Strataspheric Ozone Depletion:

Even if the control measures of the 1990 London
Amendments to the Montreal Protocol were to be imple-
mented by all nations, the abundance of stratospheric
chlorine and bromine will increase over the next scveral
years. The Antarctic ozone hole, caused by industrial
halocarbons, will therefore recur cach spring. [n addition,
as the weight of evidence suggests that these gases are also
responsible for the obscrved reductions in middle and
high latitude stratespheric O, the depletion at these
latitudes is predicted to continuc unabated through the
1990s.

Sources of Precursors of Tropospheric Ozone:

Little new information is available regarding the trope-
spheric ozone precursors (CO, NMHC, and NO,), all of
which have significant natural and anthropogenic sources.
Their detailed budgets therefore remain uncertain.

Source of Aerosols:

Industrial activity, biomass burning, volcanic eruptions,
and sub-sonic aircraft contribute substantially to the
formation of trepospheric and stratospheric acrosols.
Industrial activitics are concentrated in the Northern
Hemisphere where their impact on tropospheric sulphate
aerosols is greatest. Sulphur emissions, which are due in
large part to combustion effluents, have a similar
emissions history to that of anthropogenic CO,. Estimates
of cmissions of natural sulphur compounds have been
reduced from previous figures, thereby placing more
cmphasts on the anthropogenic contribution.

4. Scenarios of Future Emissions

Scenarios of net greenhouse gas and aerosol precuorsor
cmissions for the next 100 years or more are necessary to
support study of potential anthropogenic impacts on the
climate system. The scenaries provide inputs to climate
models and assist in the examination of the refative
importance of relevant trace pases and aerosol precursors
in changing atmospheric composition and climate.
Scenarios can also help in improving the understanding of
key relationships among factors that drive future
emissions.

Scenario outputs are not predictions of the future, and
should not be used as such; they illustrate the effect of a
wide range of economic, demographic and policy
assumptions. They arc inherently controversial because
they reflect different views of the future. The results of
scenarios can vary considerably from actual outcomes
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even over short time horizons. Confidence in scenario
outputs decreases as the time horizon increases, because
the basis for the underlying assumptions becomes
increasingly speculative. Considerable uncertainties
surround the evolution of the types and levels of human
aclivities (including economic growth and structure),
technological advances, and human responses to possible
environmental, economic and institutional constraints.
Consequently, emission scenarios must be constructed
carefully and used with great caution.

Since completion of the 1990 IPCC Scenario A (SA90)
events and new information have emerged which relate to
that scenario’s underlying assumptions. These develop-
ments include: the London Amendments to the Montreal
Protocol; revision of population forecasts by the World
Bank and United Nations; publication of the IPCC Energy
and Industry Sub-group scenario of greenhonse gas
emissions to 2023; political events and cconomic changes
in the former USSR, Euastern Europe and the Middle East;
re-estimation of sources and sinks of greenhouse gases
(reviewed in this Assessment); revision of preliminary
FAQ data on tropical deforestation; and new scientific
studies on forest biomass. There has also been recognition
of considerable uncertainty regarding other important
factors that drive future emissions.

These factors have led to an update of the SA90. Six
alternative IPCC Scenarios (I1S92a-f) now embody a wide
array of assumptions, summarized in Table |, atfecting
how future greenhouse gas emissions might evolve in the
absence of climate policies beyond those already adopted.
This constitutes a significant improvement over the
previous methodology. However, the probability of any of
the resuliing emission paths has not been analysed. TPCC
WGI does not prefer any individual scenario. Other
combinations of assumptions could ilfustrate a broader
variety of emission trajectories. The different worlds
which the new scenarios imply, in terms of economic,
social and environmental conditions, vary widely. The
current exercise provides an interim view and lays a basis
for a morc complete study of future emissions of
greenhouse gas and aerosol precursors,

Scenario Results:

The range of possible greenhouse gas futures is very wide,
as Figure 1 on page 13 illustrates (showing only CQ5). All
six scenarios can be compared to SA90. 1892a is slightly
lower than SA90 due to modest and largely offseiting
changes in the underlying assumptions. (For example,
compared to SAY0, higher population forecasts increasc
the emission estimates, while phaseout of halocarbons and
more optimistic renewable energy costs reduce them.} The
highest greenhouse gas levels result from the new scenario
IS92¢ which combines, among other assumptions,
moderate population growth, high economic growth, high
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fossil fuel availability and eventual hypothetical phaseout
of nuclear power. The lowest greenhouse gas levels result
from 1892¢ which assumes that population grows, then
declines by the middle of the next century, that economic
growth is low and that there are severe constraints on fossil
fuel supplies. The results of all six scenarios appear in
Table 2. Overall, the scenarios indicate that greenhouse
gas emissions could rise substantially over the coming
centory in the absence of new measures explicitly intended
1o reduce their emission, However, IS92c has a CO,
emission path which eventually falls below its starting
1990 level, [S92h, a medification of 18924, suggests that
current commitments by many OECD Member countries
to stabilize or reduce CO5 might have a small impact on
greenhouse gas ernissions over the next few decades, but
would not offset substantial growth in possible emissions
in the long run, 1S92b does not take into account that such
commitments could accelerate development and diffusion
of low greenhouse gas technologies, nor possible resolting
ghifts in industrial mix.

Carbon Dioxide:
The new emissions scenarios for CO, from the energy
sector span a broad range of futures (see Figare 1).
Population and economic growth, structural changes in
gconomies, energy prices, technological advance, fossil
fuel supplies, nuclear and renewable energy availability
arc among the factors which could exert major influence
on future levels of CO, emissions. Developments such as
those in the republics of the former Soviet Union and in
Eastern Europe, now incorporated into all the scenarios,
have important implications for future fossil fuel carbon
emigsions, by affecting the levels of economic activities
and the efficiency of energy production and use. Biotic
carbon emissions in the early decades of the scensrios are
higher than SA90, reflecting higher preliminary FAO
estimates of current rates of deforestation in many - though
not all - parts of the world, and higher estimates of lorest
biomass.

Halocarbons:

The revised scenarios for CFCs and other substances
which deplete stratospheric ozone are much lower than in
SA90. This is consistent with wide participation in the
controls under the 1990 London Amendments to the
Montreal Protocol, However, the future production and
composition of CFC substitutes (HCFCs and HECs) could
significantly affect the levels of radiative forcing from
these compounds,

Methane, Nitrous Oxide, Ozone Precursors and Sulphur
Gases:

The distribution of CHy and NyO emissions from the
different sources has changed from the SA90 case,
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Figure 1: CO; emissions from cncrgy, cement production and deforestation.

Methane emissions from rice paddies are lower, and
emissions from animal waste and domestic sewage have
been added. N,O emission factors for stationary sources
and biomass burning have been revised downwards.
Adipic and nitric acid have been included as additional
sources of N,O. Preliminary analysis of the emissions of
volatile organic compounds and sulphur dioxide suggests
that the global emissions of these substances are likely to
grow in the coming century if no new limitation strategies
are implemented.

5. Relationship Between Emissions and Atmospheric
Concentrations and the Influence on the Radiative
Budget

A key issue is to relate emissions of greenhouse gases,
greenhouse gas precursors and aerosol precursors to fuiure
concentrations of greenhouse gases and aerosols in order
to assess their impact on the radiative balance. A numbcr
of different types of model have been developed.

Carbon Cycle Models:

While there is a variety of carbon cycle models (including
3-D ocean-atmosphere models, 1-D ocean-atmosphere box-
diffusion models, and box models that incorporate a
terrestrial biospheric sink) all such models are subject to
considerable uncertainty because of an inadequate
understanding of the processes controlling the uptake and
release of CO, from the oceans and terrestrial ecosystemns.
Some models assume a net neutral terrestrial biosphere,
balancing fossil fuel emissions of CQO, by oceanic uptake
and atmospheric accumulation, others achieve balance by
invoking additional assumptions regarding the effect of
CO;, fertilization on the different parts of the biosphere.
However, even models that balance the past and

contemporuary carbon cycle may not predict future
atmospheric concentrations accurately because they do not
necessarily represent the proper mix of processes on land
and in the oceans. The differences in predicted changes in
CO, concentrations are up to 30%. This does not represent
the major uncertainty in the prediction of future climate
change compared with uncertainties in estimating future
patterns of trace gas emissions, and in quantifying climate
feedback processes. A simple empirical estimate can be
based on the assumption that the fraction of emissions
which remains in the atmosphere is the same as that
observed over the last decade; i.e. 4627%.

Atmospheric Gas Phase Chemistry Models:

Current tropospheric models exhibit substantial differences
in their predictions of changes in Os, in the hydroxyl
radical (OH) and in other chemically active gases due to
emissions of CHy, non-methane hydrocarbons, CO and, in
particular, NO,. These arise from uncertainties in the
knowledge of background chemical composition and from
our inability to represent small-scale processes occurring
within the atmosphere. These deficiencics limit the
accuracy of predicted changes in the abundance and
distribution of tropospheric O, and in the lifetimes of a
number of other greenhouse gases, including the HCECs
and HFCs, all of which depend upon the abundance of the
OH radical. Increases in CHy, NMHCs, and CO all lead to
increases in O, and decreases in OH, thus leading to an
increase in radiative forcing. On the other hand, because
increases in NO, lead to an increase in both Oy and OH,
the net effect of NO, on radiative forcing is uncertain.

Atmospheric Sulphate Aerosol Models:
The atmospheric chemistry of sulphate aerosols and their
precursors has been extensively studied in relation to the
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acid rain issne. While our understanding of processes
related to chemical transformations has increased signif-
icantly in recent years, substantial uncertainties remain,
especially regarding the microphysics of aerosol
formation, intcraction of aerosols with clouds, and the
removal of acrosol patticles by precipitation.

6. How has our Understanding of Changes in
Radiative Forcing Changed?

Since IPCC {1990), there have been significant advances

in our understanding of the impact of ozone depletion and

sulphate aerosols on radiative forcing and of the limita-

tions of the concept of the Global Warming Potential.

Radiative Forcing due to Changes in Stratospheric
Ozone:

For the first time observed global depletions of Oy in the
Jower stratosphere have been used to calculaie changes in
the radiative balance of the atmosphere. Although the
results are sensitive 1o atmospheric adjustments, and no
GCM studies of the implications of the O4 changes on
surface temperature have been performed, the radiative
balance calculations indicate that the O; reductions
observed during the 1980s have caused reductions in the
radiative forcing of the surface-troposphere system at
middle and high latitudes. This reduction in radiative
forcing resulting from Oy depletion could, averaged on a
global scale and over the last decade, be approximately
equal in magnilude and opposite in sign to the enhanced
radialive forcing due to increased CFCs during the same
time period. The effect at high latitudes is particularly
pronounced and, because of thesc large variations with
Jatitude and region, studies using GCMs are urgently
required to further test these findings.

Radiative Forcing due to Changes in Tropospheric
Ozone:

While there are consistent obscrvations of an increase in
tropospheric ozone (up o 10% per decade) al a limited
number of locations in Europe, there is not an adequate
global sct of observations to quuntify the magnitude of the
increase in radiative forcing, However, it has been
calculated that a [0% uniform pglobal increasc in
tropospheric ozone would increase radiative forcing by
about a tenth of a watt per square metre.

Radiative Effects of Sulphur Emissions:

Emissions of sulphur compounds from anthropogenic
sources lead to the presence of sulphate aerosols which
rellect solar radiation. This is likely to have a cooling
influence on the Northern Hemisphere (there is negligible
effect in the Southern Hemisphere). For clear-sky
conditions alone, the cooling caused by current rates of
emissions has been estimated to be about IWm2 averaged
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over the Northern Hemisphere, a value which shovld be
comparcd with the estimate of 2.5Wm-2 for the heating
due to anthropogenic greenhouse gas emissions up to the
present. The non-unilorm distribution of anthropogenic
sulphate aerosols coupled with their relatively short
atmospheric residence time produce large regionat
variations in their effects. In addition, sulphate acrosols
may affect the radiation budget throngh changes in cloud
optical properties.

Global Warming Potentials:

Guases can excrl a radiative forcing bath directly and
indirectly: dircet forcing occurs when the gas itself is a
greenhouse gas; indirect forcing occurs when chemical
transformation of the original gas produces a gas or gascs
which themselves arc greenhouse gases. The coneept of
the Global Warming Potential (GWP) has been developed
for policymakers as a measure of the possible warming
effect on the surface-troposphere system arising from the
emission of each gas relative to CO,. The indices are
calculated for the contemporary atmosphere and do not
take into account possible changes in chemical
composition of the atmosphere. Changes in radiative
forcing due to CO, are non-linear with changes in the
atmospheric CO, conceuntrations. Hence, as CO; levels
increase from present values, the GWPs of the non-CO,
gases would be higher than those cvaluated here. For the
concept to be most usefnl, both the direct and indirect
components of the GWP need (o be guantified.

Direct Global Warming Potentials:

The direct components of the Global Warming Potentials
(GWPs) have been recaleulated, taking into account
revised estimated lifetimes, for a sct of time horizons
ranging from 20 to 500 years, with CO, as the refercnce
gas. The same ocean-atmosphere carbon cycle model as in
IPCC (1990) has been used fo relate CO, emissions to
concenlrations. Table 3 shows values for a selecied set of
key gases for the 100 year time horizon. While in most
cases the values are similar to the previous IPCC (1990)
values, the GWPs for some of the HCFCs and HFCs have
increased by 20 to 50% because of revised estimates of
their lifetimes, The direct GWP of CHy has been adjusted
upward, correcting an error in the previous IPCC report.
The carbon cycle model used in these calculations
probably underestimates both the direct and indirect GWP
valucs for all non-CO, gases. The magnitude of the bias
depends on the atmospheric lifetime of the gas, and the
GWP time horizon.

Indirect Global Warming Potentials:

Because of our incomplete understanding of chemical
processes, mast of the indirect GWPs reported in 1IPCC
(1990} are likely to be in substantial error, and none of
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Table 3: Direct GWPs for 100-year Time Horizon

15

Gas Direct Global Warming Potential Sign of the Indirect Component of the
(GWP) GWP

Carbon dicxide 1 none

Methane 11 positive

Nitrous oxide 270 uncertain

CFC-11 3400 negative

CIr'C-12 7100 nepative

HCF(C-22 1600 negative

HFC-134a 1200 none

them can hc rccommended. Although we arc not yet in a
position to recommend revised numcrical values, we
know, however, that the indircet GWP for methane s
positive and could be comparable in magnitude to its direct
value. In contrast, based on the sub-section above, the
indirect GWPs for chlorine and bromine halocurbons are
likely to be negative. The concept of a GWP for short-
lived, inhomogeneously distributed constituents, such as
CO, NMHC, and NO, may prove inapplicable, although,
as noted above, we know that these constituents will affect
the radiative balance of the atmosphere through changes in
tropospheric ozone and OH. Similarly, a GWP l(or SO, is
viewed Lo be inapplicable because of the non-uniform
distribution ol sulphaie acrosols.

Influence of Changes in Solar Ouiput:

The existence of strong correlations between
characteristics of the solar activity cycle and global mean
temperature has been reported. The only immediately
plausible physical explanation of these correlations
involves variability of the sun’s total irradiance on time-
scales longer than that of the Ll-year activity cycle. Since
precise measurements of the irradiance arc only available
for the last decade, no firm conclusions rcgarding the
influence of solar variability on climate change can be
drawn.

7. Confidence in Model Predictions

There continues to be slow improvement in the ability of
models to simulate present climate, although further
improvements in the mode! resolution and the
parametrization of physical processes are needed. Since
the last report, further evidence has accumulated that
atmospheric models are capable of reproducing a range of
aspects of atmospheric variability. Coupled ocean-
atmosphere models produce variability on decadal time-
scales similar in some respects to that observed, and ocean
models show longer term tlucluations associated with
changes in ihe thermohaline circulation.

There has been some clarification of the nature of water
vapour feedback, although the radiative effects of clouds
and related processes continue to be the major source of
uncertainty and there remain uncertainties in the predicted
changes in upper ropospheric water vapour in the tropics.
Biological leedbucks have not yel been taken into account
in simulations of clitnate change.

Increased confidence in the geographical patterns of
climate change will require new simulations with
improved coupled models and with radiative forcing
scenarios that include aerosols.

Confidence in regional climate patterns based directly
on GCM outpul remains low and there is no consistent
evidence regarding changes in variability or storminess.
GCM resulls can be inferpolated 1o smaller scales using
statistical methods (correluting regional climate with the
large-scale flow) or a nested approach (high-resolution,
regional climate models driven by large-scale GCM
results). Both methods show promise but an insufficient
number of studies have yet been completed to give an
improved glabal picture of regional climate change due
increases in greenhouse gases; in any event both
interpolation methods depend critically on the quality of
the large-scale flow in the GCM. Given our incomplete
knowledge of climate, we cannot rule out the possibility of
Surprises.

8. Simulated Rates of Change in Climate and their
Geographical Distribution

Results of General Circulation Models (GCMs) available
to the 1990 report mainly concerncd equilibrium
simulations. Only one frgnsient model run (i.c., where the
time-varying response of the climale to steadily increasing
greenhouse gas concentrations is simulated) had been
completed.

Since then many papers have appeared in the refereed
literature concerned with climate models and their results.
Significant progress has been made in the area of transient
models, with four modelling groups having carried out
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WHAT TOOLS DO WE USE AND WHAT INFORMATION DO WE NEED
TO PREDICT FUTURE CLIMATE?

Maodels

The most highty developed tool which we have to model climate and climate change is known as a general cireulation model or
GCM. These models are based on the laws of physics and use descriptions in simplificd physical terms (calied parametrizationg)
of the smaller-scale processes such as those duce 1o clowds and decp mixing in the occan, "Coupled” general circulation models
{CGCMs) have the atmospheric component linked o an oceanic component of comparable complexity.

Climate forecusts are derived in a different way from weather forecusts. A weather prediction model gives a description of the
atmosphere's stite up to 10 days or so ahead, starting from a detailed description of an initial state of the atmospherc at 4 given
time, Such forecasts describe the movement and development of large weather systerns, though they cannot represent very small-
secale phenomena; for example, individual shower clouds,

"Fo estimate the influence of greenhouse gases or aerosols in changing climate, the model is first run for a few (simulated)
decades, The statistics of the maodel’s oufput are a description of the model’s simulated climate which, if the model is a good one
and includes all the important foreing Factors, will bear a close resemblance to the climate of the real atmosphere and ocean. The
abaove exercise is then repeated with increasing concentrations of the greenhouse gases or aerosnls in the model. The differences
hetween the statistics of the two simulations (for cxampie in mean temperatire and inlerannual variability) provide an estimate ol
the accompanying climate change.

We also need to determine whether or not the predicied changes will he noticeable above the natural variations in climate.
Finally, ohservations are required in order to moniter climate, to improve the understanding of climate processes and to help ia the
validation of models.

The long-term change in surface air temperature folfowing a doubling of carbon dioxide (referred 10 as the climate sensitivity)
is generally used as a benehmark Lo compare models. The range of values [or climate sensitivity reporied (n the 1990 Assessment,
and re-affirmed in this Supplement, was 1.5 to 4.5°C, with a best gstimate, based on model results and taking into account the
observed climate record, of 2.5°C,

Simpler models, which simulate the behavicur of GCMs, are also used to make predictions of the evolution with time of
global temperature from a ninber of emission scenarios. These so-called box-diffusion models contain highly simplified physics
but give similar results to GCMs when globally averaged. Only comprehensive GCMs, however, can provide three-dimensional
distributions of the changes in other climate variables. including the changes due to non-linear processes that are not given by
simplificd models. The extraction of this information from the results of coupled GCMs has only just begun.

Fuature concentrations of greenhouse gases and acrosols

A necessary starting point for the prediction of changes in climate due 1o changes in almospheric constiluents is an estimale of
their future concentrations. This requires a knowledge of their sources and sinks (natural and man-made) and an cstimate of how
the strengths of these sovrces and sinks might change in the {utere {an emissions scenario). The projections of fature
concentrations can then be used in climate models to estimate the climatic responsc,

Do GCMs predict future climate?
To make a prediction of folure climate it is necessary to fulfil two conditions: () include all of the major hwman and natural
Ictors known Lo affect climate, wnd (b) predict the future magnitudes ot atmospherie concenirations of preenhouse gases, So far,
GCMs (and CGCMs) have included only radiative forcing induced by greenhouse gases, and therefore their results relate only 1o
the greenhouse gas compoenent of climate change.

At che time of the 1990 IPCC Report it was recognized that sulphate asrosols exert a significant negative radiative
forcing on climate but this forcing was not well quantified. Since then progress has buen made in understanding rudiative forcing
by sulphatc uerosols, and an additional sonrce of negative forcing has been identificd in the depletion of stratospheric czonc due
to halocarbons. The [ack of these negative forcing factors in GCMs dues not negate the results obtained from them so far. For
example the estimates of climate sensitivity, which is defined purcly in terms of CO, concentrations. are unchanged. and it is still
believed that anthropogenic greenhouse gases, now and even more so in the future, represent the largest perturbation to the natural
radiative balance of the atmosphere. However, it does mean that the rates of change of, say, surface temperature do need to be
adjusted for additional forcing factars before they ean fultil condition (a). The second condition is fulfilled when we use a specific
prediction (as opposed to a scenario) of future atmospheric concentrations of greeshouse gases.
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climate simulations for up to 100 years using coupled
atmosphere-ocean global climate models (CGCMs) which
incorporate a detailed description of the deep ocean and
therefore can simulate the climate lag induced by the deep
ocean circulation. These models require substantial
adjustments to fluxes of heat and fresh water in order to
achieve a realistic simulation of present climate and this
may distort the models’ response to small perturbations
such as those associated with increasing greenhouse gases.
For simulations of future climate with these models,
carbon dioxide concentrations have been increased at rates
close 1o [% per year (approximately the equivalent
radiatively to the current rate ol increase of greenhouse
ZASCS).

Internal variability obscures the geographical patterns of
change during the first few decades of the experiments.
However, once these pauerns become established, they
vary relatively little as the integrations progress and are
similar to those produced by equilibrium models in a
number of ways, for instance:

(i) surface air temperatures increase more over land
than over oceans;

(ii) precipitation increases on average at high latitudes,

in the monsoon regiou of Asia and in the winter at

mid-latitudes;

over some mid-latitude continental areas values of

soll moisture are lower on average in summer.

{iii)

The transient CO, simulations, however, show that over
the northern North Atlantic and the southern occans ncar
Antarctica the warming is reduced by 60% or more relative
to equilibrium simutations at the time ot doubling CO,.

Much further development and validation of coupled
models s requirad.

9. What Would We Now Estimate for Climate Change?

The new simulations using coupled ocean-atmosphere
GCMs, which do not include the effects of sulphates and
azone depletion, generally confirm the [PCC (1990)
estimates of future warming at rates of about 0.3°C/decade
(range 0.2 to 0.5°C/decade) over the next century for IPCC
1990 Scenario A. Because GCMs do not yet include
possible opposing anthropogenic influences, including the
forcing trom sulphate acrosols and stratospheric ozone
depletion, the net rate of increase in surface temperature is
expected to be less, at least during the period for which
sulphur emissions continue to increase, than would be
expected from greenhouse gas forcing alone. However, the
globally averaged magnitude of the effect of sulphate
aerosols has not yet been calculated accurately and further
work is needed.

The simulated rate of change of sea level due to oceanic
thermal expansion only ranges from 2 1o 4cm/decade,
again consistent with the previous report.

17

New [PCC 1992 emissions scenarios (IS92a-1; see
Section 4) have been derived in the light of new
information and international agreements. In order to
provide an initial assessment of the effect of the new
scenarios, the change in surface temperature has been
estimated with the simple climate model used in the IPCC
1990 report which has been calibrated against the more
comprehensive coupled ocean-atmosphere models (sce
page 16 for a description of models). These calculations
include, in the same way as did the 1990 calculations, the
direct radiative forcing effects of all the greenhouse gases
included in the seenarios, The effect of stratospheric ozone
depletion and of sulphate acrosols have not been included,
which again parallels the 1990 calculations. Figure 2 (see
page 18) shows (a) the temporal evolution of surface
temperature for [$92a, assuming the high, “best estimate”
and low climate sensitivities (4.5, 2.5 and 1.5°C), and (b)
the temperature changes for the six 1992 IPCC scenarios
and the 1990 Scenario A, assuming the “best estimate”™ of
climate sensitivity (see page 16 for the definition of
climate sensitivity).

10. The Updated Record of Global Mean
Temperatures

Continuing research into the nineteenth century ocean
temperature record has not significantly altered our
calculation of surface temperature warming over the past
100-130 years of 0.4540.15°C, Furthermore, global surface
temperatures for 1990 and 1991 have been similar to those
of the warmest years of the 1980s and continue to be
warmer than the rest of the record. The research has,
however, led to a small adjustment in hemispheric
temperatures. The long-lerm warming trends assessed in
each hemisphere are now more nearly equal, with the
Southern Hemisphere marginally warmer in the late
nincteenth century and the Northern Hemisphere trend
unchanged trom previous estimates.

A notable feature over considerable areas of the
continental land masses of the Northern Hemisphere is that
warming over the last few decades is primarily due to an
increase of night-time rather than daytime temperatures.
These changes appear to be partly related to increases in
cloudiness bul other factors cannot be excluded such as a
direct cooling elfect ol acrosols on maximum temperatures
in sunny weuather, an influence of increasing concen-
trations of greenhouse gasces and some residual influence
of urbanization on minimum lecmperatures. A more
complete study is needed as only 25% of the global land
area has been analysed. In this regard, regional changes in
maximum, minimum and mean temperature related to
changes in land use {e.g., desertification, deforestation or
widespread irripation) may need to he identified
separately,
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Figure 2: (a) Temperaturc change under scenario 1592a, (b) Best estimate temperature changes under IS92 and SAS0. Solid circles

show SA90.

A new source of information that supports higher sea
surface temperatores in many tropical regions aver the last
decade concerns evidence that the bleaching of tropical
corals has apparently increased. Bleaching has been shown
to be related (in part) to episodes of sea surface temp-
erature warmer than the normal range of tolerance of these
animals, though increasing pollution may be having an
influence.

There has been considerable interest in mid-tropospheric
temperature observations made since 1979 from the
Microwave Sounding Unit (MSU) aboard the TIROS-N
safellites. The MSU data have a truly global coverage but
there is only a short record (13 years) of measurements;
the surface and the radiosonde data are less spatially
complete but have much longer records {over 130 and near
30 years respectively). Globally-averaged trends in MSU,
radiosonde and surface data sets between 1979 and 1991

differ somewhat (0.06, 0.17, and 0.18°C/decade, respec-
tively), although the differences are not statistically
significant. Satellite sounders, radiosonde and surface
instruments all have different measurement characteristics
and, in addition, geographical and temporal variations in
mid-tropospheric and surface temperatures are not
expected to be identical, Despite this, correlations between
slobal annual values of the three data sels are quite high.

Note that it is not possible to rank recent warm years in
an absolute way; it depends on which record is used, what
level is referred to and how much uncertainty is attached to
euach value.

MSU data have been able to detect the impact on lower
stratospheric temperature of volcanic eruptions in a
striking way, Variability in these data between 1979 and
1991 is dominated by short-term temperatuse fluctuations
{greatest in the tropics) following the injection of large
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amounis of acrosol into the stratosphere by the eruptions of
El Chichon (1982) and Mt. Pinatubo (1991). Globally,
temperature rises in the lower stratosphere were about 1°C
and 1.3°C respectively; stratospheric warming due to El
Chichon lasted nearly two years while that due to Mt.
Pinatubo is still underway. The longer radiosonde record,
however, shows a significant global cooling trend of about
(0.4°C per decade since the middle 1960s in the lower
stratosphere.

11. Are There any Trends in Other Climatically
Important Quantities?
Precipitation variations of practical significance have been
documented on many time and space scales, but due to
data coverage and inhomogencily problems nothing can be
said about global-scale changes. An apparent increase of
walter vapour in the tropics parallels the increase in lower
tropospheric temperature but it is not yet possible to say to
what extent the changes arc rcal and whether they are
larger than natural variability,

A small, irregular, decrease of about 8% has been
observed in annually averaged snow cover extent over the
Northern Hemisphere since 1973 in a new, improved,
compilation of these data. The reduction is thought to be
real because annual values of snow cover extent and
surface air temperatures over the extratropical Northern
Hemisphere land have a high correlation of -0.76.

There is evidence that, regionally, relatively fast
(sometimes called abrupt) climate changes can occur.
These changes may persist for up to scveral decades but
are often a function of scason. These fast changes arc
poorly understood, but can be of considerable practical
importance.

12. Are the Observed Temperature Changes
Consistent with Predicted Temperature Changes?

CGCMs, which do not yet take into account changes in
aerosols, predict a greater degree of warming in the
Northern Hemisphere (NIH) than in the Southern
Hemisphere (SH), a result of the greater extent of land in
the NH which responds more rapidly to forcing. The
observed larger warming of the SH in recent decades
((1.3°C between 1955 and 1985) than in the NH (which
hardly warmed at all over the same period) is at first sight
in conflict with this prediction. Recently, however, the NH
has started Lo warm quite rapidly. The rcasons for the
differences in observed warming rates in the two
hemispheres are not known though man-made aerosols
{(see Section 6) and changes in ocean circulation may have
played a part,

Furthermore, increases in CFCs may have reduced
ozone levels sufficiently to offset in a globally-averaged
sense the direct greenhouse effect of CFCs. Conscquently,
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the estimates of warming over the last 100 years due to
increases in greenhousce gases made in the original report
may be somewhal o rapid becanse they did not take
account of these cooling influences. Taking this into
account could bring the results of model simulations closer
10 the observed changes.

Individual volcanic eruptions, such as that of El
Chichon, may have led o surface cooling over several
years but should have negligible cffect on the long-term
trend. Some influence of solar variations on time-scales
associated with several sunspot cycles remains unproven
but is a possibility,

The conclusion of the 1990 report remains unchanged:
“the size of this warming is broadly consistent with
predictions of climate models, but it is also of the
same magnitude as natural climate variability. Thus
the observed increase counld be largely due to this
natural variability; alternatively this variability and
other human factors could have offset a still larger
human-induced greenhouse warming”.

13. Key Uncertainties and Further Work Required
The prediction of future climate change is critically
dependent on scenarios of future anthropogenic emissions
ol greenhouse gases and other climate foreing agents such
as acrosols. These depend not only on factors which can be
addressed by the natural sciences but also on Factors such
as population and economic growth and encrgy policy
where there is much uncertainty and which are the concern
of the social sciences. Natural and social scientists need o
cooperate closely in the development of scenarios of future
emisgsions,

Since the 1990 report there has been a greater
appreciation of many of the uncertainties which atfect our
predictions of the timing, magnitude and regional patterns
of climate change. These conlinue 10 be rooted in our
inadequate understanding ol

= sources and sinks of greenhouse gases and acrosols
and their atmospheric concentrations (including their
indirect effects on global warming)

+ clouds (particularly their feedback effect on
greenhouse-gas-induced global warming, also the
effect of acrosols on clouds and their radiative
propertics) and other elements of the atmospheric
water budget, including the processes controlling
upper level water vapour

= occans, which through their thermal inertia and
possible changes in circulation, influence the timing
and pattern of climale change

* polar ice sheets (whose response to climate change
also atfects predictions of sea level rise)

* land surface processes and feedbacks, including
hydrological and ecological processes which couple
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regional and global climates
Reduction of these uncertainties requires:

* the development of improved models which include
adequate descriptions of all components of the
climate system

= improvements in the systematic observation and
understanding of climate-forcing variables on a
global basis, including solar irradiance and aerosols

+ development of comprehensive observations of the
televamt variables describing all components of the
climate system, involving as required new
technologies and the establishment of data sets

+ better understanding of climate-related processes,
particularly those associated with clouds, oceans and
the carbon-cycle

* an improved understanding of social, technological
and cconemic processes, especiully in developing
countries, that are necessary to develop more
realistic scenarios of future emissions

= the development of national inventories of current
cmissions

» more detailed knowledge of climate changes which
have taken place in the past

« sustained and increased support for climate research
activities which cross national and disciplinary
boundaries; particular action is still needed to
facilitate the full involvement of developing
countries

» improved international exchange of climate data,

Many of these requirements arc being addressed by
major international programmes, in particular by the
World Climate Rescarch Programme (WCRP), the
International Geosphere Biosphere Programme (IGBP) and
the Global Climate Observing System (GCOS). Adequate
resources need to be provided both to the international
organization of these programmes and to the national
efforts supporting them if the new information necessary
lo reduce the uncertainties is to be forthcoming. Resources
also need to be provided to support on a national or
regional basis, and especially in developing countries, the
analysis of data relating to a wide range of climalce
variables and the continued observation of important
variables with adequate coverage and accuracy.
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Progress in the Development of an IPCC Methodology
for National Inventories of Net Emissions of
Greenhounse Gases

Scientific assessment is primarily concerncd with sources
and sinks al the global, and large region level but, in order
to support national and international responses to climate
change, it is necessary to estimate emissions and sinks at
the national level in an agreed and consistent way.

IPCC (1991) has established a work progranmume to:

(i) develop an approved detailed methodology for
calculating national inventories of greenhouse gas
emissions and sinks

{ii) assist all participating countries to implement this
methodology and provide results by the end of 1993,

This programme is based on preliminary work
sponsored by the Organization for Economic Cooperation
and Development (OECD, 1991). OECD und the
International Energy Agency (IEA) are continuing o
provide technical support to the IPCC work programime.
The programme will manage the development and
approval of inventory methods and procedures, and the
collection and evaluation of data. It will collaborate with
other sponsors including the Global Environment Facility
(GEF), the Asian Development Bank, the European
Community, UNECE aund individual donor countries, to
encourage funding of technical cooperation projects in
greenhouse gas (GHG) invenlorics.

The IPCC requested that participating countries provide
any available GHG emissions inventory data o the IPCC
by the end of September 1991, As of January 1992, 18
countries have submitted complcte or partial GHG

inventories (see Table below); most relate to average
emissions over one, two or three years in the period [988
to 1990. This process has been particularly useful in
identifying problems in coverage and consistency of
currently available inventories,

An [PCC Workshop on National GHG Inventories, held
in Geneva from 5 to 6 December 1991, provided guidance
on needed improvements in the draft methodology and
priorities for the work programme. Numerous improve-
ments to the methodology were agreed upon, and priorities
were proposed for the work programme and for technical
cooperation activities. As a result of the preliminary data
collection, the workshop, and other comments received,
the following major priorities for the IPCC work
programme have been established:

Methodology

+ Develop a simpler methodology and streamlined
“workbook” document to assist users in its
implementation

«  Work with experts to develop a new and simpler
method for calculating CO, emissions from forestry
and land-use change

» Establish technical expert groups to improve the
methodology for CHy from rice and fossil fuel
production, and other key gases and source types

*  Work with experts to include halocarbons in the
GHG inventory starting with data available from the
Montreal Protocol process

*+ Develop and disseminate regionally-applicable
emissions factors and assumptions.

Annex Table: Countries which have submitted complete or partial inventories of national greenhouse

gas emissions (by January 1992)

Australia Germany
Belginm Italy

Canada Netherlands
Denmark New Zealand
Finland Novway
France Poland

Sweden
Switzerland
Thailand
Vietnam

United Kingdom
United States

i
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Work Programme

Prioritics for national inventories are: (a) CO, from
cnergy for all countrics, (b) CO, from foresiry and
tand use if important for the country, and (¢) CH, {or
important source categories by country

Initiate intercomparison studies of existing detailed
inventorics

include a scientific review of national inventory dara
and aggregated iotals by region and globally in the
work programme,

Technical Cooperation

*

IPCC will improve comrmunications among technical
focal points in all parlicipating countries and with
other interested international organizations

High prierity should be placed on country case
studies, training, regional cooperation and other
activities to assist non-OECD couatries in testing
and implementing the GHG invenlory methodology
Provide methods in the form of a streamlined
workbook in scveral languages. A user-friendly
computer spreadsheet version will also be developed
as a high priority.
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